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A B S T R A C T   
Inclusion of early child development in the United Nations Sustainable Development Agenda raises issues of how 
this goal should be monitored, particularly in low resource settings. The aim of this paper was to explore the 
validity of the early Human Capability Index (eHCI); a population measure designed to capture the holistic 
development of children aged 3–5 years. Convergent, divergent, discriminant and concurrent validity were 
examined by exploring the associations between eHCI domains and child (sex, age, stunting status, preschool 
attendance) and family (maternal education, home learning environment) characteristics. Analyses were 
repeated using data from seven low and middle income countries: Brazil (n ¼ 1810), China (n ¼ 11421), Kiribati 
(n ¼ 8339), Lao PDR (n ¼ 7493), Samoa (n ¼ 12191), Tonga (n ¼ 6214), and Tuvalu (n ¼ 549). Correlations and 
linear regressions provide evidence that within these country samples, the tool is capturing the aspects of early 
child development that it was designed to measure. Although the tool was intended to measure development of 
children aged 3–5 years, results suggest it can be validly applied to children aged 2–6 years. The eHCI is free, 
requires minimal implementation resources, captures development across domains and abilities, and is designed 
to allow cultural and contextual concepts to be included. The eHCI appears psychometrically robust in diverse 
country contexts and could enable evaluation of early years policies and programs, as well as monitoring of 
children’s development to track progress towards the Sustainable Development Agenda.   
1. Introduction 
Monitoring children’s outcomes is key to improving understanding 
of the early determinants of health and development because it helps 
identify the supports required to enable children to reach their devel-
opmental potential (Young, 2007). Tracking child health and develop-
ment in low and middle income countries (LMICs) is a challenge due to 
lack of appropriate tools and capacity to implement measurement. The 
early Human Capability Index (eHCI) was designed to measure holistic 
development in children aged 3–5 years, be feasible for use in low 
resource settings, and capture locally-relevant early child development 
(ECD) (Sincovich et al., 2019). This paper explores the convergent, 
divergent, discriminant, and concurrent validity (Fig. 1) of the eHCI in 
several LMICs, highlighting how the tool could enable ECD 
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measurement in these contexts. 
1.1. The SDG challenge: characteristics of a useful measure of ECD in 
LMICs 
Sustainable Development Goal (SDG) 4.2 is focused on ECD. To track 
progress against this target, countries are seeking population measures 
to better understand their children’s early health and development. In 
addition to being psychometrically robust, such a measure needs to be 
cost-effective, therefore fees to use the tool, enumerator training 
required, and administration time need to be minimal (Fernald, Prado, 
Kariger, & Raikes, 2017). It should cover a range of development as well 
as levels of ability, and importantly, be sensitive enough to detect 
changes in children’s capabilities (Mustard, 2007). Further, such a tool 
should be adaptable across diverse cultures and contexts so that it not 
only accurately reflects children’s abilities, but also captures 
locally-relevant and culturally-influenced aspects of development to 
inform local policy and practice (Gove & Black, 2016). 
The selection of a tool for the purposes of measuring ECD requires 
compromise among different priorities and measurement ideals deter-
mined by the aims of assessment, the age range of children, and any 
financial and logistical constraints. For instance, although the direct 
assessment of ECD (Pisani, Borisova, & Dowd, 2018) is often argued to 
produce scores with less bias than those through a measure of adult 
report (Bennetts, Mensah, Westrupp, Hackworth, & Reilly, 2016), this 
method of assessment requires highly trained enumerators, is more time 
consuming to conduct, more costly to implement and is infeasible for 
whole-of-population implementation (Snow & Van Hemel, 2008). 
Although adult report measures are generally more cost-effective as they 
are quick and simple to administer and do not rely on developmental 
expertise to be delivered (Ertem et al., 2017), often such tools are based 
on developmental milestones with a pass or fail outcome, lacking the 
sensitivity required to detect changes in development over time 
(Mustard, 2007). Although tools that produce globally comparable re-
sults (McCoy et al., 2016) allow for monitoring of ECD across countries, 
such instruments may not be aligned with local culture or early learning 
and development frameworks, and thus the information they produce 
may have limited utility locally (Keller & K€artner, 2013). Local 
‘ownership’ of results are crucial for local action to invest in ECD. 
1.2. Measuring ECD at a population-level 
Existing population-level measures of ECD include the Early Devel-
opment Instrument (EDI) and UNICEF’s Multiple Indicator Cluster 
Survey-Early Childhood Development Index (MICS-ECDI). The EDI was 
the first population-level measure of ECD to be implemented in multiple 
countries including Canada, the United States, Jamaica, and Australia 
(Janus, Harrison, Goldfeld, Guhn, & Brinkman, 2016). The 100-item 
checklist is completed by teachers of children in the first year of 
full-time school. The EDI formed the basis of the Australian Early 
Development Census (AEDC), a triennial national census of ECD which 
has captured over 1.2 million children across Australia to date (Brink-
man, Gregory, Goldfeld, Lynch, & Hardy, 2014). The most widely uti-
lized population-level measure of ECD is the MICS-ECDI. Consisting of 
10 caregiver-reported items for children aged 3–4 years, the ECDI has 
been embedded in the MICS (i.e. a household survey) to collect globally 
comparable ECD information in more than 80 countries (UNICEF, 
2017). Characteristics of both tools pose challenges to their use in 
diverse, low resource settings. For instance, the EDI licensing re-
quirements and the specific intention of the ECDI for international 
comparison limit adaptation to local culture and context. 
1.3. The eHCI 
The eHCI was developed to facilitate program evaluation in Tonga by 
monitoring population-level child development (Brinkman & Thanh Vu, 
2017; MacDonald et al., 2017). The tool has been adapted to support a 
range of early child education and development projects in several 
LMICs (Brinkman, Sincovich, & Danchev, 2016; Brinkman, Sincovich, & 
Than Vu, 2017; Brinkman, Sincovich, & Thanh Vu, 2017, 2017a; Santos 
& Zanon, 2017; Zhao et al., under review). Utilizing these data, the in-
ternal structure of the eHCI was explored, with results demonstrating a 
similar factor structure of nine theoretically-based developmental do-
mains across countries (Sincovich et al., 2019). The current study ex-
amines the tool’s convergent, divergent, discriminant, and concurrent 
validity using data from seven LMICs: Brazil, China, Kiribati, Lao Peo-
ple’s Democratic Republic (PDR), Samoa, Tonga, and Tuvalu. We 
examine associations between eHCI domain scores for evidence of 
convergent and divergent validity; the ability of eHCI domain scores to 
discriminate among children of different age, sex, stunting status, pre-
school attendance, maternal education, and home learning environ-
ments (discriminant validity); and associations between scores on eHCI 




Data from seven country samples were utilized (Table 1). Sample 
sizes ranged from 549 in Tuvalu to 12,191 in Samoa, with children aged 
between 2 and 6 years. Data were collected from 2013 to 17 through 
studies funded for program evaluation and population monitoring pur-
poses by local, national, and international agencies that utilized 
different sampling techniques and data collection methods (Supple-
mentary Table 1). In Brazil, data were collected from teachers for chil-
dren attending all 37 public schools in a city in Southern Brazil, to 
identify areas of intervention and enable evaluation of ECD programs 
(Santos & Zanon, 2017). In China, data were collected for children in 
two Northern provinces selected by the China Development Research 
Foundation on the basis of pre-existing programs in these areas (Zhao 
et al., under review). Respondents were a combination of children’s 
caregivers and teachers, with data collected to explore development 
across different population groups, as well as to form a baseline of ECD 
before further intervention. In Lao PDR, data were collected from chil-
dren’s caregivers to form the baseline for a randomized control trial. 
Five Northern provinces were selected by the Government of Lao PDR 
based on high levels of poverty, and 14 districts within these provinces 
Fig. 1. Types of validity explored in current study.  
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were selected on the basis of presence of a district level education office. 
All villages within selected districts in which at least 20 children resided 
were sampled, and random sampling methods were used to select 20 
households in each village for data collection (Brinkman, Sincovich, & 
Danchev, 2016). In Kiribati, Samoa, Tonga, and Tuvalu, a census 
approach was employed with data collection seeking to capture infor-
mation from a combination of caregivers and teachers for every child 
aged 3–5 years nationally (Brinkman, Sincovich, & Danchev, 2016; 
Brinkman, Sincovich, & Than Vu, 2017; Brinkman, Sincovich, & Than 
Vu, 2017; 2017a). 
2.2. Measures 
2.2.1. The eHCI 
The eHCI is unlicensed and free to use, requires minimal enumerator 
training, and can be completed quickly by an adult familiar with the 
child. Thus, the eHCI can be implemented feasibly across large pop-
ulations in low resource settings. The tool captures both positive and 
negative aspects of how a child is developing, rather than developmental 
delay only. The eHCI places children on a developmental continuum 
which improves ability to detect changes in development over time and/ 
or through intervention. Further, the eHCI was designed to be adapted to 
local culture and context for a range of purposes, including population 
monitoring, evaluation of early years policies and programs, and lon-
gitudinal studies seeking to predict children’s future capabilities. 
The eHCI includes approximately 60 items (ranging from 56 in Lao 
PDR to 66 in Tuvalu) designed to measure ECD across nine domains: 
Physical Health, Verbal Communication, Cultural Knowledge, Social 
and Emotional Skills, Perseverance, Approaches to Learning, Numeracy, 
Reading, and Writing. The eHCI underwent a local adaptation process to 
ensure the tool’s content and face validity in each country. Thus, 
although many items are similar across different adaptations of the 
eHCI, some items and domains differ across countries. For instance, the 
Perseverance domain is measured by the same four items across all 
adaptations of the instrument, while the Physical Health domain varies 
from 2 items in Brazil to 5 items in Kiribati and Tuvalu, while the Laotian 
version of the eHCI does not capture physical health (each country 
adaptation is available in Sincovich et al., 2019). In each country, all 
items are applied to all children (i.e. rather than a sub-group of items for 
different age groups). Response options for each item are binary 
(“yes”/“no”, “able”/“unable”, “can do already”/“cannot do yet”). Most 
items are positively worded so that the “yes”/“able”/“can do already” 
responses were scored as 1, and the “no”/“unable”/“cannot do yet” re-
sponses were scored as 0. A small number of items (ranging from 4 in 
Kiribati and Lao PDR to 6 in Tonga) are negatively worded and were 
reverse-scored. Individual item scores were averaged so that children 
Table 1 
















Female 855 (47.2) 5338 (46.7) 3915 (46.9) 3669 (49.0) 5898 (48.4) 2967 (47.7) 277 (50.5) 
Missing 102 (5.6) 496 (4.3) 155 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Age 
2 years 57 (3.1) 54 (0.5) 948 (11.4) 1410 (18.8) 1159 (9.5) 13 (0.2) 1 (0.2) 
3 years 571 (31.5) 3396 (29.7) 2185 (26.2) 1749 (23.3) 4377 (35.9) 1609 (25.9) 163 (29.7) 
4 years 760 (42.0) 3329 (29.1) 2136 (25.6) 1867 (24.9) 4616 (37.9) 2058 (33.1) 180 (32.8) 
5 years 420 (23.2) 3360 (29.4) 2013 (24.1) 1599 (21.3) 2039 (16.7) 2038 (32.8) 195 (35.5) 
6 years 0 (0.0) 1226 (10.7) 173 (2.1) 16 (0.2) 0 (0.0) 443 (7.1) 7 (1.3) 
Missing 2 (0.1) 56 (0.5) 884 (10.6) 852 (11.4) 0 (0.0) 53 (0.9) 3 (0.5) 
Stunted 
Yes – 1602 (14.0) 1935 (23.2) 3652 (48.7) 2332 (19.1) 374 (6.0) 132 (24.0) 
Missing – 1342 (11.8) 1401 (16.8) 852 (11.4) 0 (0.0) 91 (1.5) 98 (17.9) 
Preschool        
Attended 1810 (100.0) 9159 (80.2) 7665 (91.9) 1738 (23.2) 4657 (38.2) 2701 (43.5) 498 (90.7) 
Missing 0 (0.0) 86 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Maternal Education       
No school – 307 (2.7) – 2265 (30.2) – – – 
Started Primary – 1242 (10.9) 714 (8.6) 2045 (27.3) – – – 
Finished Primary – 3372 (29.5) 1438 (17.2) 2182 (29.1) 222 (1.8) 81 (1.3) 47 (8.6) 
Started Secondary – 3563 (31.2) 2319 (27.8) – 603 (4.9) 2399 (38.6) 89 (16.2) 
Finished Secondary – 1358 (11.9) 2710 (32.5) 754 (10.1) 10037 (82.3) 2621 (42.2) 107 (19.5) 
Tertiary – 751 (6.6) 785 (9.4) 242 (3.2) 1329 (10.9) 1107 (17.8) 117 (21.3) 
Missing – 828 (7.2) 373 (4.5) 5 (0.1) 0 (0.0) 0 (0.0) 189 (34.4) 
Home learning environment 
Read to – – 3930 (47.1) 2149 (28.7) 2424 (19.9) 3566 (57.4) 297 (54.1) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 704 (11.3) 164 (29.9) 
Tell story – – 5886 (70.6) 1903 (25.4) 2856 (23.4) 3836 (61.7) 337 (61.4) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 702 (11.3) 165 (30.1) 
Sing/dance – – 4964 (59.5) 2215 (29.6) 5043 (41.4) 5025 (80.9) 353 (64.3) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 700 (11.3) 165 (30.1) 
Play – – 4774 (57.2) 1341 (17.9) 4800 (39.4) 5180 (83.4) 359 (65.4) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 699 (11.2) 165 (30.1) 
Go outside – – 3455 (41.4) 1775 (23.7) 4722 (38.7) 5174 (83.3) 338 (61.6) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 700 (11.3) 165 (30.1) 
Name, count, draw – – 3380 (40.5) 2280 (30.4) 2720 (22.3) 3152 (50.7) 309 (56.3) 
Missing – – 6 (0.1) 0 (0.0) 3470 (28.5) 701 (11.3) 166 (30.2) 
Books in home – – 3948 (47.3) – 6253 (51.3) 4129 (66.4) – 
Missing – – 267 (3.2) – 0 (0.0) 11 (0.2) – 
Total n 1810 11421 8339 7493 12191 6214 549 
Note. Children’s height and weight, maternal education, and home learning environment data were not collected in Brazil. Home learning environment data were not 
collected in China. Information regarding books in the home was not collected in Laos PDR and Tuvalu. In Samoa, Tonga, and Tuvalu, when responding to the maternal 
education item, respondents could select only one response option pertaining to primary school and so the proportions represented against the ‘finished primary 
school’ category for these countries may include a combination of children for whom their mother either started or finished primary school. 
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received a score for each domain ranging from 0 to 1, with higher scores 
indicative of better development. 
2.2.2. Demographic characteristics 
Children’s demographic characteristics were collected alongside the 
eHCI in each country, including child age, sex, previous or current 
preschool attendance, and their mother’s highest level of education 
(except in Brazil). 
2.2.3. Stunting 
Children’s height and weight were also recorded at the time of data 
collection in each country (except in Brazil). Anthropometric measures 
were converted into World Health Organization Child Growth Standards 
height-for-age z-scores, and stunting was defined as a height-for-age z- 
score < -2 (WHO Multicentre Growth Reference Study Group, 2006). 
2.2.4. Home learning environment 
Information about caregiver-child engagement in six types of 
learning activities at home was also collected alongside the eHCI in each 
country (except in China and Brazil). These binary questions (“yes”/ 
“no”) were based on items from the Multiple Indicator Cluster Surveys 
(MICS) questionnaire for children under five (UNICEF, 2019) and asked 
if, in the last 3 days (or in the last 7 days in Lao PDR and Tonga), a 
member of the household aged 15 years or above had: read books or 
looked at picture books with the child; told stories to the child; sang 
songs or danced with the child; played with the child; took the child 
outside of the home; and named, counted or drew with the child. In 
Kiribati, Samoa, and Tonga, respondents were also asked if there were 
reading materials in the home (also based on the MICS with a “yes”/“no” 
response option). 
2.2.5. Literacy and numeracy 
Concurrent to administration of the eHCI in Lao PDR, children’s 
literacy and numeracy were measured via direct assessment. These as-
sessments were based on items from the Early Grade Reading Assess-
ment (EGRA) and the Early Grade Maths Assessment (EGMA), and 
adapted to the context in Lao PDR (Brinkman, Sincovich, & Danchev, 
2016). The EGRA and EGMA have been adapted for use in a number of 
countries, with the reliability and validity of the EGRA in particular, 
well established (Dubeck, Gove, & Alexander, 2016). In Lao PDR, chil-
dren were assessed on six aspects of early literacy and eight aspects of 
early numeracy (Supplementary Table 2). Correct item responses were 
scored as 1, and incorrect responses were scored as 0. For domains 
measured via multiple items, individual item scores were averaged so 
that children received a score for each domain, ranging from 0 to 1, with 
higher scores indicative of better literacy and numeracy. All literacy 
domain scores were averaged to provide a total literacy score, and all 
numeracy domain scores were averaged to provide a total numeracy 
score. 
2.3. Statistical analysis 
Convergent and divergent validity were tested by examining patterns 
of correlation (Spearman’s rho) amongst eHCI domains in each country. 
We predicted that the strongest associations would be observed between 
eHCI domains measuring children’s literacy and numeracy, with smaller 
correlations between remaining domains. The ability of eHCI domains to 
discriminate amongst children’s development by a range of child and 
family characteristics was tested in each country. Discriminant ability 
according to child age (2–6 years), child sex (female, male), child 
stunting status (yes, no), child preschool attendance (yes, no), maternal 
education (no school, started primary school, finished primary school, 
started secondary school, finished secondary school, tertiary education), 
and home learning environment items (yes, no) were examined using 
linear regressions. Children with missing data were excluded from 
relevant analyses. Density plots for eHCI domains were generated to 
further explore the distribution of domain scores by child and family 
characteristics in each country, and unstandardized regression co-
efficients were graphed to examine associations amongst eHCI domains 
and child and family characteristics in each country. We expected that 
higher domain scores would be observed among females, older children, 
those not stunted, children who attended preschool, children of more 
educated mothers, and children with learning opportunities at home. 
Concurrent validity was tested by exploring correlations (Spearman’s 
rho) among eHCI domains and literacy and numeracy direct assessment 
in Lao PDR. We hypothesized that the strongest associations would be 
observed between direct assessment scores and eHCI domains 
measuring literacy and numeracy, with smaller correlations between 
direct assessment scores and remaining eHCI domains. 
3. Results 
Correlations amongst eHCI domains are shown in Table 2. The 
largest correlations were observed amongst Numeracy, Reading, and 
Writing domains in all countries (ranging from rs ¼ 0.54 in Lao PDR to rs 
¼ 0.85 in Tuvalu between Numeracy and Reading). Smaller correlations 
were observed between Physical Health and other domains in Brazil and 
China (rs ¼ 0.16 with Writing in China), and between Perseverance and 
other domains in Kiribati, Lao PDR, Samoa, and Tonga (rs ¼ 0.08 with 
Approaches to Learning in Samoa). 
Mean eHCI domain scores according to child and family character-
istics are presented in Supplementary Tables 3–8. Regression co-
efficients demonstrating associations among eHCI domain scores and 
these characteristics are shown in Supplementary Table 9, with Figs. 2–3 
providing examples for Tonga and Lao PDR. Data for remaining coun-
tries are shown in Supplementary Figs. 1–5. Results show a positive 
association between child age and eHCI domain scores in all countries. 
Generally, the largest differences between older and younger children 
were found on Numeracy, Reading, and Writing domains, with smaller 
differences on remaining domains (e.g. a year increase in age was 
associated with a score 0.23 (95% CI: 0.22, 0.24) points higher on the 
Writing domain and 0.04 (95% CI: 0.03, 0.04) points higher on Social 
and Emotional Skills in Tonga). Fig. 4 shows a visual representation of 
these age gradients for Numeracy and Social and Emotional Skills do-
mains in each country. On average, girls scored slightly higher than boys 
across domains, except in Brazil. This association was strongest in 
Tuvalu (e.g. female sex was associated with a score 0.10 (95% CI: 0.06, 
0.14) points higher on Social and Emotional Skills and 0.11 (95% CI 
0.05, 0.17) points higher on Reading). A negative association between 
child stunting and eHCI domain scores was observed, with stunted 
children scoring lower across domains in all countries, compared to 
children not stunted. Differences in scores tended to be larger on 
Numeracy, Reading, and Writing domains, and smaller on Social and 
Emotional Skills and Perseverance domains (e.g. being stunted was 
associated with a score 0.14 (95% CI: -0.22, -0.07) points lower on the 
Writing domain and 0.02 (95% CI: -0.07, 0.03) points lower on Social 
and Emotional Skills in Tuvalu), though this association was less clear in 
Tonga whereby prevalence of stunting was low. Children who attended 
preschool had better development than those who did not, with the 
largest differences in scores on Numeracy, Reading, and Writing do-
mains (e.g. preschool attendance was associated with a score 0.44 (95% 
CI: 0.43, 0.45) points higher on the Numeracy domain and 0.17 (95% CI: 
0.16, 0.19) points higher on Approaches to Learning in China). Fig. 5 
demonstrates these differences in eHCI scores for children who did and 
did not attend preschool on the Numeracy and Social and Emotional 
Skills domains in each country. 
Results also demonstrate a positive association between maternal 
education and eHCI domain scores, with children of more educated 
mothers scoring slightly higher across eHCI domains relative to children 
of less educated mothers in all countries but Tuvalu (e.g. a category 
increase in maternal education was associated with a score 0.09 (95% 
CI: 0.07, 0.10) points higher on the Reading domain in Samoa). A 
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positive association was also observed between home learning activities 
and eHCI domain scores in each country. Of all home environment 
items, the largest differences in scores were observed between children 
who did and did not have access to books at home on Numeracy, 
Reading and Writing domains (e.g. having books in the home was 
associated with a score 0.21 (95% CI: 0.19, 0.22) points higher on the 
Writing domain and 0.12 (95% CI: 0.11, 0.13) points higher on Physical 
Health in Kiribati). Differences in scores between children who were and 
were not read to, told stories, and named, counted and drew with were 
also larger across domains, while differences in scores were smaller for 
remaining activities (e.g. naming, counting, or drawing was associated 
with a score 0.18 (95% CI: 0.16, 0.19) points higher on the Numeracy 
domain, while taking the child outside was associated with a score 0.16 
(95% CI: 0.05, 0.08) points higher on Numeracy in Lao PDR). 
Correlations between eHCI domains and literacy and numeracy 
direct assessment in Lao PDR are shown in Table 3. Both direct assess-
ment scores had the largest positive correlations with eHCI Numeracy, 
Reading, and Writing (rs ¼ 0.50 between direct assessment and eHCI 
numeracy domains), and smaller correlations with remaining domains 
(rs ¼ 0.18 between literacy direct assessment and eHCI Perseverance). 
4. Discussion 
We examined the convergent, divergent, and discriminant, validity 
of the eHCI in Brazil, China, Kiribati, Lao PDR, Samoa, Tuvalu, and 
Tonga, and the concurrent validity of the tool in Lao PDR. Despite 
different sampling methods and items used across countries, the overall 
pattern of results suggests the eHCI provides valid measurement of ECD 
in these contexts. 
4.1. Evidence for validity of the eHCI 
The strongest associations were observed amongst eHCI Numeracy, 
Reading, and Writing domains in all countries. Literacy and numeracy 
are often intertwined; indeed some ECD tools combine items measuring 
these skills into one domain because of their strong relationship (Janus 
et al., 2016). Overall results provided evidence for the convergent and 
divergent validity of the eHCI. 
eHCI domain scores discriminated between children’s development 
according to age and sex in all countries. This is consistent with results of 
other measures of ECD in LMICs, including the East Asia Pacific Early 
Child Development Scales (EAP-ECDS), a direct assessment of develop-
ment in children aged 3–5 years, across Cambodia, China, Mongolia, 
Timor-Leste, Papua New Guinea, and Vanuatu (Rao, Sun, et al., 2018). 
Although the eHCI was designed to measure ECD in children aged 3–5 
years, results suggest it can be validly applied to children aged 2–6 
years. Stunting impairs children’s development with effects particularly 
detrimental to cognitive abilities (Alderman & Fernald, 2017). In all 
countries eHCI scores were lower among stunted children, with the 
largest differences in scores on cognitive domains capturing literacy and 
numeracy. This is also aligned with results of other tools, such as the 
Caregiver Reported Early Development Instrument (CREDI) for children 
aged 0–2 years across 17 low, middle, and high middle income countries 
(McCoy, Waldman, Team, & Fink, 2018). A positive association between 
early education and ECD was also observed, with differences in scores 
between children who did and did not attend preschool largest on 
Numeracy, Reading, and Writing. In contrast, results from a direct 
assessment, Measure of Development and Early Learning (MODEL), of 
children aged 4–8 years in Tanzania did not find a relationship between 
pre-primary education and children’s development as was expected 
(Raikes et al., 2019), whereas cognitive, language and socio-emotional 
development as measured by the EAP-ECDS was higher amongst chil-
dren aged 3–5 years who had attended early education in Cambodia, 
China, Mongolia, and Vanuatu (Rao et al., 2018). Higher eHCI scores 
were generally observed among children born to better educated 
mothers, except in Tuvalu. This sample represents poor families from a 
Table 2 
Convergent and divergent validity: correlations among scores on eHCI domains 
in 7 LMICs.   
Phys Comm Cult Soc Persev Appr Num Read 
Brazil 
Comm .13        
Cult .10 .37       
Soc .08 .26 .19      
Persev .14 .38 .32 .43     
Appr .12 .43 .30 .29 .29    
Num .16 .47 .50 .41 .34 .34   
Read .15 .37 .38 .31 .24 .67 .67  
Writ .15 .32 .43 .15 .29 .22 .63 .66 
China 
Comm .20        
Cult .32 .48       
Soc .32 .43 .70      
Persev .12 .28 .34 .45     
Appr .23 .54 .57 .54 .34    
Num .27 .40 .47 .45 .25 .47   
Read .42 .39 .47 .45 .32 .44 .67  
Writ .16 .29 .32 .32 .26 .31 .62 .66 
Kiribati 
Comm .40        
Cult .46 .61       
Soc .42 .53 .71      
Persev .21 .21 .27 .30     
Appr .31 .39 .48 .48 .21    
Num .43 .53 .61 .52 .24 .46   
Read .39 .47 .54 .45 .22 .41 .76  
Writ .37 .43 .51 .42 .20 .36 .72 .70 
Lao PDR 
Comm –        
Cult – .31       
Soc – .31 .46      
Persev – .09 .24 .27     
Appr – .43 .36 .45 .14    
Num – .30 .42 .50 .25 .37   
Read – .16 .38 .41 .20 .27 .52  
Writ – .12 .35 .42 .21 .28 .50 .55 
Samoa 
Comm .56        
Cult .57 .61       
Soc .57 .64 .81      
Persev .16 .10 .25 .22     
Appr .45 .63 .53 .61 .08    
Num .48 .51 .69 .70 .26 .47   
Read .46 .54 .68 .71 .20 .51 .78  
Writ .46 .46 .63 .64 .25 .43 .75 .77 
Tonga 
Comm .34        
Cult .48 .51       
Soc .46 .38 .48      
Persev .22 .21 .21 .24     
Appr .34 .38 .46 .36 .20    
Num .46 .37 .49 .40 .25 .43   
Read .39 .33 .42 .36 .25 .38 .76  
Writ .38 .26 .40 .32 .21 .34 .76 .73 
Tuvalu 
Comm .44        
Cult .55 .67       
Soc .48 .51 .67      
Persev .36 .39 .45 .56     
Appr .29 .36 .44 .41 .32    
Num .52 .67 .69 .54 .44 .40   
Read .56 .66 .69 .55 .42 .43 .85  
Writ .47 .54 .57 .44 .42 .44 .74 .76 
Note. p < .001 for all correlations (Spearman’s rho). The Lao PDR version of the 
eHCI does not include a Physical Health domain. Phys ¼ Physical Health, Comm 
¼ Verbal Communication, Cult ¼ Cultural Knowledge, Soc ¼ Social and 
Emotional, Persev ¼ Perseverance, Appr ¼ Approaches to Learning, Num ¼
Numeracy, Read ¼ Reading, and Writ ¼ Writing. 
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small island nation with a community-based economy. It is likely that 
advantages of maternal education are transferred to the whole com-
munity rather than biological children only and thus the association may 
not be seen. Similar results were observed when using the International 
Development and Early Learning Assessment (IDELA) in Ethiopia. A 
direct assessment of children aged 3–6 years, maternal education did not 
predict IDELA scores in this context (Wolf et al., 2017). Stimulating 
home environments have positive effects on ECD and this pattern was 
also evident among eHCI scores in all countries, with the strongest 
associations observed for literacy and numeracy. This finding was 
aligned with analysis of the CREDI in Brazil amongst children aged 0–2 
years (Altafim et al., 2018). 
The strongest associations with direct assessment of literacy and 
numeracy in Lao PDR were observed for eHCI Numeracy, Reading, and 
Writing domains as expected. Few similar ECD measures have published 
concurrent validity evidence with the IDELA an exception. Specifically, 
the IDELA and the Ages and Stages Questionnaire (ASQ) were used to 
measure development of children aged 4–5 years in Bangladesh, with 
Fig. 2. Discriminant validity: linear regression coefficients and 95% confidence intervals of eHCI domain scores on demographic and contextual variables in Tonga 
(n ¼ 6214, 2013/14). 
Note. Female, stunted, attended preschool, home learning environment yes ¼ 1; male, not stunted, did not attend preschool, home learning environment items no ¼
0. Phys ¼ Physical Health, Comm ¼ Verbal Communication, Cult ¼ Cultural Knowledge, Soc ¼ Social and Emotional, Persev ¼ Perseverance, Appr ¼ Approaches to 
Learning, Num ¼ Numeracy, Read ¼ Reading, and Writ ¼ Writing. 
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results indicating medium correlations between respective IDELA and 
ASQ domains when examining children’s literacy (r ¼ 0.36) and larger 
correlations between domains measuring numeracy (r ¼ 0.48) (Pisani 
et al., 2018). Concurrent validity of eHCI scores were stronger than 
those reported for the IDELA. Together, results provide evidence for the 
concurrent validity of the eHCI in this setting. 
4.2. Implications of findings 
Inclusion of ECD in the Sustainable Development Agenda raises is-
sues regarding how this goal should be monitored. Relative to other 
measures of ECD, the eHCI can be implemented feasibly in low resource 
settings, captures development across domains and abilities, and pro-
duces information relevant to local policy and practice. Results 
demonstrate that the eHCI discriminated between the development of 
children and captured the intended aspects of ECD within a range of 
Fig. 2. (continued). 
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LMICs. Together with previous research (Sincovich et al., 2019), find-
ings indicate the tool can provide valid measurement of ECD in diverse 
contexts. 
Although associations observed among eHCI domains and with child 
and family characteristics were relatively consistent overall, some 
variation in results across countries highlights the context-specific na-
ture of ECD measurement. For instance, varied strength of the associa-
tion between caregiver-child interactions and eHCI scores could be a 
reflection of cultural and/or contextual factors, including those related 
to caregiving practices and early years service provision. This lends 
support to the need for ECD measures to produce information that re-
flects local settings. Global comparability and cultural neutrality are the 
focus for tracking progress toward SDG 4.2 (Richter et al., 2019), 
however this approach will not have the sensitivity to capture change in 
ECD as a result of local interventions or policy shifts, and will not reflect 
aspects of ECD important to the local context. Experts in ECD mea-
surement continue to be challenged by striking a balance between 
producing globally comparable data and producing information rele-
vant to local policy and practice (Rao, Mirpuri, Sincovich, & Brinkman, 
2020). 
Fig. 3. Discriminant validity: linear regression coefficients and 95% confidence intervals of eHCI domain scores on demographic and contextual variables in Lao PDR 
(n ¼ 7493, 2015/16). 
Note: The Lao PDR version of the eHCI does not include a Physical Health domain. Information regarding books in the home were not collected in Lao PDR. Female, 
stunted, attended preschool, home learning environment items yes ¼ 1; male, not stunted, did not attend preschool, home learning environment items no ¼ 0. Comm 
¼ Verbal Communication, Cult ¼ Cultural Knowledge, Soc ¼ Social and Emotional, Persev ¼ Perseverance, Appr ¼ Approaches to Learning, Num ¼ Numeracy, Read 
¼ Reading, and Writ ¼ Writing. 
A. Sincovich et al.                                                                                                                                                                                                                              
SSM - Population Health 11 (2020) 100613
9
5. Conclusion 
Results demonstrate the eHCI is psychometrically robust in diverse 
country contexts and could enable the evaluation of early years policies 
and programs, as well as monitoring of children’s development to track 
progress towards the Sustainable Development Agenda in LMICs. 
Existing ECD measurement tools range from short adult-report tools 
designed for population monitoring (e.g. MICS-ECDI), to detailed, multi- 
domain direct assessment batteries designed to aid program evaluation. 
Findings indicate the eHCI is suitable for both applications. Indeed, the 
eHCI is a feasible and valid population monitoring measure when 
applied through either a census or sample approach. The eHCI is free, 
requires minimal implementation resources, captures development 
across domains and abilities, and allows local culture and context to be 
reflected. Results presented in this paper together with previously 
published evidence demonstrate that the tool is able to provide valid 
measurement of ECD. The next step in assessing the validity of the eHCI 
is exploring how well it predicts later outcomes of interest such as ac-
ademic achievement and social and emotional skills. 
Fig. 3. (continued). 
A. Sincovich et al.                                                                                                                                                                                                                              
SSM - Population Health 11 (2020) 100613
10
Declaration of competing interest 
We declare no competing interests. 
Role of the funding source 
Funding sources supported the collection of data but had no role in 
data analysis or development of this article. The corresponding author 
Fig. 4. Discriminant validity: distribution of eHCI Numeracy and Social and Emotional Skills domains by age (years) in 7 LMICs. 
Note. X-axis ¼ eHCI domain score, y-axis ¼ proportion of children e.g. in Brazil the largest proportion of 3-year-olds scored approximately 0.40 on the 
Numeracy domain. 
A. Sincovich et al.                                                                                                                                                                                                                              
SSM - Population Health 11 (2020) 100613
11
had full access to all data in the study and had final responsibility for the 
decision to submit for publication. 
Research ethics statement 
The current study is a secondary analysis of pre-existing, de-identi-
fied data and thus was deemed exempt from requiring ethical review by 
Fig. 5. Discriminant validity: distribution of eHCI Numeracy and Social and Emotional Skills domains by preschool attendance in 7 LMICs. 
Note. X-axis ¼ eHCI domain score, y-axis ¼ proportion of children e.g. in China the largest proportion of children who attended preschool scored approximately 0.75 
on the Numeracy domain. Results are not presented for Brazil as 100% of the sample were attending preschool. 
Table 3 
Concurrent validity: correlations among eHCI domain scores and literacy and numeracy direct assessment scores in Lao PDR (n ¼ 7493, 2015/16).   
Comm Cult Soc Persev Appr Num Read Writ 
Total numeracy score .18 .29 .33 .22 .24 .50 .40 .37 
Total literacy score .06 .24 .26 .18 .16 .42 .39 .39 
Notes: p < .05 for all correlations (Spearman’s rho). Phys ¼ Physical Health, Comm ¼ Verbal Communication, Cult ¼ Cultural Knowledge, Soc ¼ Social and Emotional, 
Persev ¼ Perseverance, Appr ¼ Approaches to Learning, Num ¼ Numeracy, Read ¼ Reading, and Writ ¼ Writing. 
A. Sincovich et al.                                                                                                                                                                                                                              
SSM - Population Health 11 (2020) 100613
12
the University of Adelaide Human Research Ethics Committee. 
CRediT authorship contribution statement 
Alanna Sincovich: Conceptualization, Methodology, Formal anal-
ysis, Writing - original draft. Tess Gregory: Conceptualization, Meth-
odology, Writing - review & editing. Cristian Zanon: Data curation, 
Writing - review & editing. Daniel D. Santos: Data curation, Writing - 
review & editing. John Lynch: Conceptualization, Methodology, 
Writing - review & editing. Sally A. Brinkman: Conceptualization, 
Methodology, Writing - review & editing, Supervision. 
Acknowledgments 
We wish to acknowledge the agencies who supported the collection 
of early Human Capability Index (eHCI) data which were utilized in the 
current study. Data collection was funded by the Fundaç~ao Maria Cecilia 
Souto Vidigal in Brazil, the China Development Research Foundation in 
China, the World Bank Group through the Early Childhood Education 
Project in Lao PDR, and the Global Partnership for Education through 
the Pacific Early Age Readiness and Learning Program in Kiribati, 
Samoa, Tonga, and Tuvalu. 
Appendix A. Supplementary data 
Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ssmph.2020.100613. 
References 
Alderman, H., & Fernald, L. (2017). The nexus between nutrition and early childhood 
development. Annual Review of Nutrition, 37(1), 447–476. https://doi.org/10.1146/ 
annurev-nutr-071816-064627. 
Altafim, E. R., McCoy, D. C., Brentani, A., Escobar, A. M., Grisi, S. J., & Fink, G. (2018). 
Measuring early childhood development in Brazil: validation of the caregiver 
reported Early Development instruments (CREDI). Jornal de Pediatria, 96(1), 66–75. 
https://doi.org/10.1016/j.jped.2018.07.008. 
Bennetts, S. K., Mensah, F. K., Westrupp, E. M., Hackworth, N. J., & Reilly, S. (2016). The 
agreement between parent-reported and directly measured child language and 
parenting behaviors. Frontiers in Psychology, 7(1710). https://doi.org/10.3389/ 
fpsyg.2016.01710. 
Brinkman, S., Gregory, T., Goldfeld, S., Lynch, J., & Hardy, M. (2014). Data resource 
profile: The Australian early development Index (AEDI). International Journal of 
Epidemiology, 43(4), 1089–1096. https://doi.org/10.1093/ije/dyu085. 
Brinkman, S., Sincovich, A., & Danchev, P. (2016). The status of early childhood health and 
development in northern Lao PDR: Baseline results from the early childhood education 
project. Washington, D.C: World Bank Group. Available from: http://documents.wor 
ldbank.org/curated/en/228221488446175113/The-status-of-early-childhood-hea 
lth-and-development-in-northern-Lao-PDR. 
Brinkman, S., Sincovich, A., & Than Vu, B. (2017). Early childhood development in Samoa: 
Baseline results from the Samoan early Human Capability Index. Washington, D.C: 
World Bank Group. Available from: http://documents.worldbank.org/curated/en/3 
63761563248716398/pdf/Main-Report.pdf. 
Brinkman, S., Sincovich, A., & Thanh Vu, B. (2017a). How are Tuvalu’s children 
developing? Evidence-based policy recommendations for better early childhood 




Brinkman, S., Sincovich, A., & Thanh Vu, B. (2017b). The status of early childhood health 
and development in Kiribati: Results from a population wide census. Washington, D.C: 
World Bank Group. Available from: http://documents.worldbank.org/curated/en/ 
853791563251577440/pdf/The-Status-of-Early-Childhood-Health-and-Developme 
nt-in-Kiribati-Results-from-a-Population-Wide-Census.pdf. 
Brinkman, S., & Thanh Vu, B. (2017). Early child development in Tonga. Washington: D.C: 
World Bank Group. Retrieved from https://files.eric.ed.gov/fulltext/ED589882.pdf. 
Dubeck, M. M., Gove, A., & Alexander, K. (2016). School-based assessments: What and how 
to assess reading. Understanding what works in oral reading assessments. 
Ertem, I. O., Krishnamurthy, V., Mulaudzi, M. C., Sguassero, Y., Balta, H., Gulumser, O., 
… Forsyth, B. W. C. (2017). Similarities and differences in child development from 
birth to age 3 years by sex and across four countries: A cross-sectional, observational 
study. Lancet Glob Health, 6, e279–e291. 
Fernald, L., Prado, E., Kariger, P., & Raikes, A. (2017). A toolkit for measuring early 
childhood development in low- and middle-income countries. Washington: D.C: World 
Bank Group. Retrieved from http://documents.worldbank.org/curated/en/384681 
513101293811/pdf/WB-SIEFECD-MEASUREMENT-TOOLKIT.pdf. 
Gove, A., & Black, M. M. (2016). Measurement of early childhood development and 
learning under the sustainable development goals. Journal of Human Development and 
Capabilities, 17(4), 599–605. https://doi.org/10.1080/19452829.2016.1243520. 
Janus, M., Harrison, L. J., Goldfeld, S., Guhn, M., & Brinkman, S. (2016). International 
research utilizing the early development instrument (EDI) as a measure of early child 
development: Introduction to the special issue. Early Childhood Research Quarterly, 
35, 1–5. 
Keller, H., & K€artner, J. (2013). The cultural solution of universal developmental tasks (Vol. 
3). New York, NY: Oxford University Press.  
MacDonald, K., Brinkman, S., Jarvie, W., Machuca-Sierra, M., McDonall, K., Messaoud- 
Galuis, S., et al. (2017). Pedagogy versus school readiness: The impact of a randomized 
reading instruction intervention and community-based playgroup intervention on early 
grade reading outcomes in Tonga. Retrieved from http://documents.worldbank.org/ 
curated/en/651771484764766333/pdf/WPS7944.pdf. 
McCoy, D. C., Peet, E. D., Ezzati, M., Danaei, G., Black, M. M., Sudfeld, C. R., … Fink, G. 
(2016). Early childhood developmental status in low- and middle-income countries: 
National, regional, and global prevalence estimates using predictive modeling. PLoS 
Medicine, 13(6). https://doi.org/10.1371/journal.pmed.1002034. 
McCoy, D. C., Waldman, M., Team, C. F., & Fink, G. (2018). Measuring early childhood 
development at a global scale: Evidencefrom the caregiver-reported early 
development instruments. Early Childhood Research Quarterly, 45, 58–68. https://doi. 
org/10.1016/j.ecresq.2018.05.002. 
Mustard, J. F. (2007). Experience-based brain development: Scientific underpinnings of 
the importance of early child development in a global World. In M. E. Young, & 
L. M. Richardson (Eds.), Early child development: From measurement to action (pp. 
43–84). Washington DC, USA: The World Bank.  
Pisani, L., Borisova, I., & Dowd, A. J. (2018). Developing and validating the international 
development and early learning assessment (IDELA). International Journal of 
Educational Research, 91, 1–15. https://doi.org/10.1016/j.ijer.2018.06.007. 
Raikes, A., Koziol, N., Janus, M., Platas, L., Weatherholt, T., Smeby, A., et al. (2019). 
Examination of school readiness constructs in Tanzania: Psychometric evaluation of 
the MELQO scales. Journal of Applied Developmental Psychology, 62, 122–134. 
https://doi.org/10.1016/j.appdev.2019.02.003. 
Rao, N., Mirpuri, S., Sincovich, A., & Brinkman, S. A. (2020). Overcoming conceptual and 
methodological challenges in measuring early childhood development across 
cultures. Lancet Child and Adolescent Health. https://doi.org/10.1016/S2352-4642 
(20)30026-2. Published online February 11. 
Rao, N., Richards, B., Sun, J., Weber, A., & Sincovich, A. (2018a). Early childhood 
education and child development in four countries inEast Asia and the Pacific. Early 
Childhood Research Quarterly, 47(2019), 169–181. https://doi.org/10.1016/j. 
ecresq.2018.08.011. 
Rao, N., Sun, J., Richards, B., Weber, A. M., Sincovich, A., Darmstadt, G. L., et al. (2018). 
Assessing diversity in early childhood development in the East Asia-Pacific. Child 
Indicators Research. https://doi.org/10.1007/s12187-018-9528-5. 
Richter, L., Black, M., Britto, P., Daelmans, B., Desmond, C., Devercelli, A., … Vargas- 
Bar�on, E. (2019). Early childhood development: An imperative for action and 
measurement at scale. BMJ Global Health, 5, i154–i160. https://doi.org/10.1136/ 
bmjgh-2018-001302. 
Santos, D. D., & Zanon, C. (2017). The Brazilian experience with the eHCI: The adaptation 
process, reduction proceedings, and validation study. 
Sincovich, A., Gregory, T., Zanon, C., Santos, D. D., Lynch, J., & Brinkman, S. (2019). 
Measuring early childhood development in multiple contexts: The factor structure 
and reliability of the early Human Capability Index in seven low and middle income 
countries. BMC Pediatrics, 19(471). https://doi.org/10.1186/s12887-019-1852-5. 
Snow, C. E., & Van Hemel, S. B. (2008). Early childhood assessment: Why, what, and how. 
Washington, DC: National Academies Press.  
UNICEF. (2017). Development of the early childhood development index in MICS surveys, 
MICS methodological papers. Paper No. 6. 
UNICEF. (2019). MICS6 TOOLS. Retrieved from multiple indicator cluster surveys (MICS). 
http://mics.unicef.org/tools. http://mics.unicef.org/tools. 
WHO Multicentre Growth Reference Study Group. (2006). WHO Child Growth Standards: 
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass 
index-for-age: Methods and development. Geneva. 
Wolf, S., Halpin, P., Yoshikawa, H., Dowd, A. J., Pisani, L., & Borisova, I. (2017). 
Measuring school readiness globally: Assessing the construct validity and 
measurement invariance of the International Development and Early Learning 
Assessment (IDELA) in Ethiopia. Early Childhood Research Quarterly, 41, 21–36. 
Young, M. E. (2007). Early child development: From measurement to action. Washington 
DC., USA: The World Bank.  
Zhao, J., Brinkman, S. A., Song, Y., Lu, C., Young, M. E., Zhang, Y., ... Zhang, Y. (under 
review). Measuring early childhood development with the early human capability 
index (eHCI): A reliability and validity study in China J pediatr. 
A. Sincovich et al.                                                                                                                                                                                                                              
